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INVESTIGATION OF PERFORMANCE OF SEVXRKL DOUELE-SHROUD 

EJECTORS AND EFFECT OF VARLABI;E-AREA EXHAUST 

NOZZLE ON SING= EJECTOR PERFORMANCE 

By C .  W. Ellis, D. P .  Hollister, and H. D. Wilsted 

SUMMARY 

An investigation was made t o  determine briefly  the  characterist ics 
of a double-shroud cooling-air  ejector. Also, the performance of a Single- 
shroud ejector having a claanehell-type vasiable-area a c t u t i n g  nozzle W m  
compared  Wrth that of an ejeczor  having a conical  nozzle. 

For the mdels investigated,  the  experhental  results  indicated 
that  the  differences  in  the  variable-area and conical  nozzle  ejector 
performance are rlue primarily t o  flow re s t r i c t ions   i n   t he  cooling pas- 
sage  introduced by the clamshell  protrusions, rather than  the nonplanar 
md  noncircukr exit. The investigation of double-shroud-ejector  per- 
formance, while not completely  general i n  application, does indicate 
that an ejector of this type  could  be  designed t o  operate  satisfactorily, 
that is, with a r a t i o  of t e r t i a r y  t o  secondary air weight f l o w  of 
about 0.2.  I n  order to obtain such performance, the  difference between 
the diameter ratios and spacing ra t ios  of the two shrouds  should  be 
S m a l l .  

Tail-pipe  cooling  requirements for turbojet engines have increased 
markedly with the use of  afterburning f o r  thrust augmentation. Further- 
mre,  the  required use of a variable-area  edaust  nozzle on tail-pipe- 
burning engines complicates the  cooling problem when ejector  cooling- 
air pumps are used. A chaage i n  the variable-area  nozzle  setting alters 
the  ejector  configuration, and hence the  ejector pumping characteristics, 
as shown by  references 1 and 2. Also, i f  a clamshell-type  nozzle is, 
used, the nonplanar and noncircular  outlets may affect  ejector pumpisg 
characteristics as they have been shown t o  affect nozzle thrust i n  ref-  
erence 3. The f l o w  restrictions i n  the  cooling-air passage  caused  by 
variable-area  nozzle  protrusions,  stiffeners , and actuating mechanism 
may also be  expected t o  have some effect  on cooling-system  performaace. 
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As an integral  part of some engines, a conventional,  single-shroud 
ejector is supplied t o  cool  the engine tail sipe.  In some aircraft 
installations,  an additional  quntiky of a b  -is required  for  cooling 
the  aircraft   structure.  It is possible that this addi t ional  cooling 
a i r  can be pumped by the  addition of an outer concentric  ejector shroud 
without  appreciably  a9fecting  the performance of the primary ejector. 
Because performance and design  information  are  nonexistent f o r  double- 
shroud-type ejectors, a brief  investigation of the i r  performance has 
been conducted. a t   the  NACA Lewis laboratory. 

The double-shroud ejector  configwations used in  the  investigations 
described in this regort were designed by an &craft manufacturer for  
application to a spec i f ic   d rcraf t   ins ta l la t ion .  These configurations 
incorporated primary nozzles which simulated a clamshell-type  variable- 
area  nozzle. Although 'this irrvestigation was quite  3lmited in   t he  
number of configurations  investigated,  sufficient data w e r e  obtained 
t o  show trends i n  double-shroud-ejector performance resulting from 
variations in length and exi t  diameter of both  Inner and outer shrouds. 
Performance data were obtained f o r  each configuration over a r.anQe of 
prbnary-air and cooling-air pressure  ratios with the  vaziable-area 
nozzle  simulated ~ n .  both open and closed  positions. The p e r f o k c e  
of a single-shroud  e3ector having the  variable-area nozzle wa8 deter- 
mined and compared with the same egector ahroud having fixed  conical 
primary nozzles. 

The symbols and ejector nomenclature used i n  this report  are 
defined  with  the help of the  following schematic sketch of a double- 
shroud ejector : 
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TS 

T t  

exit diameter of  primary  nozzle 

exit diameter of inner shroud 

exit diameter of outer shroud 

inner-shroud diameter r a t i o  

outer-shroud diameter r a t to  

gross thrust  of primmy  nozzle w i t h  shrouds removed, lb 

gross ejector thrust, lb 

gross thrust r a t i o  

primary-stream t o t a l  pressure, lb/sq in .  abs 

secondary-stream t o t a l  pressure, lb/sq in. abs 

tertiary-stream total pressure, lb/sq in. abs 

prtmary pressure  ratio 

secondary pressure r a t io  

ter t iary  pressure  ra t io  

ejector-discharge  pressure, lb/sq in .  abs 

atmospheric  pressure, lb/sq in. abs 

distance from  primary  nozzle exit t o  extt of inner shroud, 
inner -shroud spacing 

distance from  primary  nozzle exit to exit of outer shroud, 
outer-sbroud  spaclng 

inner-shroud  spacing r a t io  

outer-shroud  spacing r a t io  

primexy-stream t o t a l  temperature, 91 

secondary-stream tot& temperature, OR 

tertiary-stream to ta l -  temerature, OR 



wP 

WS. secondary weight flow, lb/sec 

w t  t e r t i a ry  w e i g h t  flow, lb/sec 

primary weight flow, lb/sec 

wS/wp secondary weight flow ra t io  

wt/wp t e r t i a ry  weight flow rat io  

NACA RM E52D25 

Ejector Research FaciUty 

The ejector  resew&  facil i ty shown 3n figure 1 consists.of con- 
centric  .ducting simulating an engine tail pipe and a  cd0lin.g-ais pas- 
sage. The lower portion of the  facility  swings-freely t o  allow measure- 
ment of ejector  thruat by means of a calibrated,  strain-gage-type 
thrust meter. The air supplied t o   t h e  primary  nozzle and t o  the two 
cooling-air  passages i s  separately measured by A.S.M.E. f la t -plate  
orifices.  The prjmary-a€r t o t a l  pressure waa measured by a probe 
projecting about one t h i rd  of the duct  diameter into  the stream. Total 
pressure  surveys had shown that measurements a t   th is   locat ion gave the 
average of t he   t o t a l  preseure  profile.  Primary-air  temperature was 

, measured by a single,  bare-wire,  iron-constantan thermdcouple projecting 
about one third of the duct diapleter into the stream. Two pressure 
probes and two thermocouples were a lso  provided In each of the  cooling 
annuli. 

.. - 

- 

. .. . .  

The ejector diecharged into an exhaust chamber i n  which the  pres- 
a w e  could be reduoed t o  increme the  pressure drop across the ejector. 
The discharge  pressure waa meamred by two static preseure probes a t -  -. 
the l i p  of the outer shroud. 

." . 

Ejector h d e l s  

The nozzles used t o  simulate  a  variable-area  nozzle i n  the  ejector 
model's ere shown in  f igure 2. The exit  of the  closed nozzle was el l ip-  
t i c a l  and nonplan@r and had a major axis of 3.4 Inches and a minor axis 
of-2.6 inches. The open nozzle had eskerit€aUy a planar and circular 
ex i t  with a diameter of 3.66 inches. 

. -  
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The relative  location of  the shrouds with  respect t o  the  variable- 
area  nozzle i s  shown in   f igure 3. The inner shroud had a  4.5-inch- 
diameter exit. The length of this shroud was altered once during the 

. .  . 
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investigation by cutting a portion off the end, which made the &t 
diameter 4.65 inches. The outer-shroud  position  could  be  varied by 
inserting  spacers between the  Lnlet  duct and the shroud. Two outer 
shrouds were used i n  this investigation, one having a  5.10-inch-diameter 
exit and the  other a 4.72-inch-diameter exit. In order t o  determine 
the  effects of the double  shroud on ejector performance, the  ejector 
performance was also determined with the outer shroud removed. Two 
fixed  conical prfmary nozzles w e r e  evaluated  during this investigation 
so tha t   the i r  performance could  be cornpaxed with tha t  of the two 
variable-area  primary  nozzles. In order that   the  exit   areas be  approxi- 
mately  equal t o  the corresponding  areas of the  variable-area  nozzles 
when open and closed,  the  conical  nozzles had exi t  diameters of 3.66 
and 2.90 inches,  respectively. The corresponding  half-cone  angles were 
6' 50' and 9' 22'. 

The investigation was conducted with  atmspheric air compressed t o  
40 pounds per  square  inch gage  and slrpplied at 800 F. Although ejector 
performance was determined with 80° F prhazy  and secondary air and 
therefore  required no temperature  correction,  the w e i g h t  flow ra t ios  
presented  herein we multiplied by - 4- 88 a reminder tha t   the  
application of these  flow  data t o  hot jet installations  requires a 
temperature correction. Various primary and cooling-air  pressure 
ratios w e r e  obtained by throt t l ing the inlet air and/or reducing the  
exit pressure  in the plenum  chamber. The pressures in   t he  two cooling 
passages were maintdned approxtzmtely equal to simulate a commn i n l e t  
and plenum  chamber f o r  the two para l le l  cooling  passages. The jet 
thrust of the  ejector w a ~  obtained  by adding t o  the  strdn-gage  read- 
ing  the  negative  force imposed on the system by the  difference between 
atmospheric pressure asd the  ejector  discharge  pressure i n  the exhaust 
plenum  chamber. This force had previously been  determined by 
calibration. 

RESULTS AND DISCUSSION 

Mechanics of Ejector F l o w  Systems 

A somewha-t; s lq l i f ied   descr ip t ion  of the  ejector pumping  mechanism 
is tha t  an ejector induces  secondary o r  cooltng-air f l o w  by virtue of 
the hi& viscous  forces se t  up at the boundaries of a f r ee   j e t .  If the 
shroud is  placed so as t o  leave a large gap  between i t s e l f  and the   j e t  
boundary as shown i n  the  following  sketch, a i r  can be  entrained by flow 
through either  the  fore  or aft portion of the shroud. Restricting  the 
flow a t   the  forward end of the shroud would not  appreciably  reduce  the 
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Primary  nozzle 
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Jet 

shroud pressure ps  because air would f low into  the shroud around the 
jet. If the mixing tube is  moved aft, however, u n t i l  it is i n  contact 
with the je t  boundary, flow inward around the jet  i s  made difficult. 
Restricting  the foreward end of the ahmud would now result i n  a rela- 
tively  large  reduction in shroud pressure. 

The operational mechanism of the s w l e  ejector  applies  equally 
w e l l  t o  the double-shroud ejector. The addition of an outer shroud t o  
an ejector may or may not affect ejector performance, depending on the 
position of the outer-shroud exit  with  respect.  to  both  the inner-shroud 
exi t  and the expanding J e t .  For example, with coplanar shroud exits, 
such as shown i n  the follawing sketch, 

4" 

the expanding jet  cannot reach  the  outer shroud and it would be, there- 
fore,  quite  ineffectual  in pumping air through the  ter t iary flow system. 
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If the inner shroud is very  short and the outer shroud long and if the 
increase in diameter r a t i o  i s  small, the  inner shroud would be  ineffective 

as an ejector and the  outer shroud would perform as a single  ejector. 
If the air entering  the secondary  and t e r t i a ry  flow systems has a common 
source, such as shown in the preceding  sketch,  the  inner  shroud  serves 
only as a s p l i t t e r  with  the a i r  flawing t h r o w  the  paral le l  pmsages by 
virtue of the  pressure  gradient P1- ps. The inner shroud may serve  as 
a radiation shield and this configuration would serve,  therefore,  the 
purpose of a double-shroud ejector in that it would provide  greater 
protection  to the aircraft structure. 

It was intended tht the double-shroud ejector  configurations 
investigated have independent pumping f o r  the secondary and t e r t i a r y  
flow systems.  For this case, the  ejector  configuration  should l i e  
between the two extremes described in t he   l a s t  two sketches. To obtain 
a particular flow distribution  requires a particular arrangement of 
inner and outer  shrouds wLth respect t o  the   j e t .  The experimental 
investigation of  the  effect  of the double-shroud-ejector  configuration 
on ejector performance is discussed i n  a later  portion of this paper. 

Effect of Variable-Area Primary Nozzle 

on Ejector Performaace 

The ejector  configurations under consideration  not on ly  incor- 
porated double  shrouds but also included a variable-area  nozzle. Because 



the  variable-area  nozzle of the  eyelid  type  generay has a n o n p l w  
discharge opening and generally poor exterior  configuration for an 
efficient flow system, it was necessary t o  determine the magnitude of 
these  factors on ejector performance. I n  order t o  simplify the Fnves-. 
tigation,  the magnitude of these  effects aeterrhiried by  comparing 
the performance of a single-shroud  ejector having i n  turn the  variable- 
area and fixed  conical  nozzles ( f ig .  4). Both weight f l o w  ra t io  and 
Jet   thrust  were greater with the  conical  nozzle. Because diameter 
ra t io ,  spacing rat io ,  primary  pressure ratio, and secondary pressure 
ra t io  were duplicated, it was reasoned that the  difference i n  perform- 
ance must resul t  from (a) the  effects of the nonplanar and noncirculaz 
exi t  or (b) restrictions in  the secondary  passage due t o  clamshell 
sections. 

The effect  of restrictions In the secondary  passage was investi- 
gated by addLng t o  the conical  nozzle a flange to reduce the 6econda;ry 
passage area t o  that with  the  clamshell-type  .nozzle. This flange was 
s-ly a bras8 ring 1/8 inch W c k  having an inside diameter of 
3.75 inches and an outside diameter of approxFmately 4.80 inches, which 
was attached to the  conical nozzle at a point -1.54 indhes from the  eldt .  
As shown i n  figure 5, wfth equal cooling-air-flaw passage areas, weight 
flow ratio and thrust ra t io  for  the twu ejector9 were v3rtuaUy equal. 
The effects of secondary-flow passage area on perfondance, as shown i n  
figures 4 md 5, . denapnstrate that it i s  not  sufficient  to  specify only 
the spacfng and diameter ra t ios  t o  insure.identical  performance unless 
these  configuration  parameters insure a unique cooling-air-passage flow 
area and pressure *op, which will produce- eQW pressures in   the  mix: 
ing plane. Inasmuch as making the cooling-air-flow passage areas equal 
practically  eliminated  the performance differences between the  conical 
and variable-area  nozzle  ejectors, it is concluded that  the  noncircular 
and nonplanas exit of the  variable-area  nozzle had a negligible  effect 
on ejector performance. 

Double-Shroud-Ejector Performance 

Punping characteristics. - The double-shroud ejector  configurations 
incorporated  the  simulated  variable-area  nozzle. The protrusions on 
the  variable-area nozzle  created  restrictions  in  the  cooling-air pas- 
sage,  causing a reducTtion in  ejector performance. The results of the 
double-shroud ejector  investigation are; therefore,  apPlicable  only t o  
the  pmticulm geometries used. Had the secondary total pressures been 
measured downstream of the  restriction, -- the eat plane of the 
nozzle,  the  results would have been more genera l l y  applicable. Never- 
theless, as mentioned previously,  'the performance trends should  be 
indicative of those t o  be expected for other double-shroud ejector8. 
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The pmping  characteristics of the double-shroud-ejector  configu- - rations wlth the open primary nozzle are compared with  the  single-sbroudt 
ejector performance i n  figure 6. The addition of the  outer shroud 
increased the ra t io  of secondary t o   p r " y  weight flow f o r  dl con- . 

figurations  investigated except  configuration D at a pr-y pressure 
r a t i o  of 3.7 (fig.  6(c)), which exhibited a small reduction i n  secondary 
weight flow r a t io .  Increasing  the  spacing r a t i o  S J 4  of the  outer 
shroud increased  the secondary air f low r a t i o  at a primary pressure 
r a t io  P /pg of 1.6, but as the  pressure  ratio was increased t o  3.7 
the  t rens  was reversed fo r  a l l  but l o w  secondary pressure  ratios. The 
t e r t i a r y  weight flow ratio,  however, increased with increased  spacing 
throughout the range of conditions  investigated. A reduction of both 
outer-shroud diameter ra t io  and spacing generally.reduced  both  the  sec- 
ondary and t e r t i a ry  weight f l o w  ratio.  Cutting baGk the inner shroud 
t o  give  a  shorter  spacing and larger diameter ratio  (configuration F) 
gave a configuration which was far more sensitive t o  changes in primazy 
pressure  ratio  than  the  other double-shroud-e3ector configurations. 

5 e  pumping chaxscteristics of configurations  with  the  simulated 
closed  primary  nozzle  position are shown i n  figure 7. As would be 
expected, with the  larger diameter r a t i o  configuration  the secondary 
and t e r t i a ry  weight flow ratios are more sensitive t o  secondary pres- 
sure r a t i o  than the previous  configurations  but  are  generally l e s s  I 

sensitive t o  s m a l l  changes i n  configuration. A t  a prim-ary pressure 
ra%io of 1.6, an increase in outer-shroud  spacing  increased  the  sec- 
ondary w e i g h t  f l o w  r a t i o  but had l i t t l e  effect  on t e r t i a ry  weight flow 
ra t io .  A t  primary  pressure  ratios of 2.1 and 3.7, the change i n   t h e  
outer-shroud  spacing had l i t t l e  effect  on the secondary and t e r t i a ry  
w e i g h t  f low ratios. A t  the  highest prlmEcry pressure  ratio, 9.4, an 
increase in outer-shroud  spacing  generally  decreased  both  the secondary 
and t e r t i a ry  weight f low ratios. A reduction in outer-shroud  diameter 
r a t io  and spacing  (configuration DD compared to. AA) generally had little 
effect on the secondary weight flow ra t io  but  greatly reduced the 
t e r t i a ry  w e i g h t  f low ratio. Cutting back the inner shroud t o  give a 

' larger diameter r a t i o  and shorter spacing  (configuration FF) generally 
had l i t t l e   e f f e c t  on either  the secondary or  t e r t i a ry  weight flow 
ratios; this indicated  that  the  outer shroud was  generally  providing 
the ejector  action f o r  these  configurations (All through DD) . 

The use of t e r t i a ry  air for aircraft  structure  cooling  generally 
requires  only  one-fifth t o  one-tenth  the air required  for  tail-pipe 
cooling'.  For mst of the  configurations  investigated,  the  tertiary 
air f l o w  tends t o  equal o r  exceed the secondary air flow. Configura- 
tions D and DD indicate, however, tha t  by a reduction in the diameter 
and spacing rat ios  of  the.outer shroud, the   t e r t ia ry  weight flow r a t io  
can be satisfactorily  controlled. 
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The operation of an engine  with a variable-area  nozzle in conjunc- 
t i o n  with afterburning and mnafterburning results Fn changes In  both 
cooling  requirements and cooling-air  ejector performance. At approd- 
mately  take-off  pressure  ratios, 1 .6  t o  2.1, the secondary and t e r t ia ry  
cooling-aAr flow starts at lower secondary  pressure ratioe when the J e t  
nozzle i s  Jn the open o r  afterburning  position than when it i s  i n  the 
closed o r  mnafterbmning  position, as shown by comparison of f ig -  
ures 6(a) and 6(b) with figures 7(a) and 7(b). Hovever, at reasonably 
high flight speeds  (primary pressure  ratio of 3 . 7 ,  and secondasy pres- 
sure ratios above 1.051, the secondary cooling-air  flow would be mch 
greater for  the closed  primary  nozzle  or  nonafkerburning  configuration 
aa e h m  by compar~on  of figures 6(c) and 7(c). Even when the differ- 
ences in primarg gw temperaturea between afbrburnlng and nonafterburning 
conditions are taken Into account, the cooling-air flow r a t i o  would gen- 
eral ly  be greater with the pr-y nozzle i n  the closed poeition. A t  
higher prlmarg pressure  ratios this  c o d i t l o n  should be even more pro- 
nounced. The t e r t i a ry  weight Plow ra t io ,  however, mag be either larger o r  
smaller Idle9 the primary  nozzle is i n  the closed  position, depending 
on the canfiguration used. 

Thrust of double-shroud ejector. - The ra t io  of ejector 8s thrust  
t o  contca-nozzle  (ejector shrouds removed) gross thrust F e j F  1s 
shown i n  figure 8-for the open-primary-nozzle ~onf igura t ion6"an~  in  
figure 9 far  the closed-primary-nozzle configuratioim. The addition of 
the  outer shroud to the  open primary-nozzle  configurations  generally 
reduced the thrust ra t io  at the low second~ccy and t e r t i a ry  flow system 
pressure  ratios. A t  high secondary and ter t iary pressure  ratios, the 
addition of the outer shrouds increased the thrust ra t io  at some con- 
ditions.  For the closed-nozzle  configurations  (fig. 91, no consistent 
thrust  trends were  evident. 

A change from the closed-primary-nozzle  configurations (f ig .  9) t o  
the open-nozzle configurations  (fig. 8) corresponding t o  a change from 
nonmerburning t o  afterburning  configurations did not resu l t  in any 
general significant changes in thrust, Bowever, at the lower primary 
pressure  ratios, opening of the pr-7- fiazzx-e--mduced the thrust 
losses of the ejectors with larger  outer-sbmud spacing r a t io  as a 
result of decreasing the overexpansion of the primary et i n  the ejector 
Shroud6  (comgare configmatLon cc with c ma DD with D I . G ~ O S S  tmx3t 
losses as great ae 12 percent were b d k a % G d  at  the l o w  primary  pree- 
sure ratios  with the configurations  iwestigated, and gross thrust gains 
8s large as 1 2  percent are indicated at a  primary  pressure rat io '  of 9.4. 
The gross thrust  gains are a result of the combination of increased 
mass flow and the  action of tbe ejector simulating that of a convergent- 
diverge& nozzle at the  very high primary pressure  ratios. 

.. . .  - . .  
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The actual performance of an ejector i n  a given drplaze  insta3la-  
t ion  will depend  upon the match point of the f low system (air source, 
met-diffuser  pressure recovery, and coollng-system  duct- losses) 
and on ejector  characteristics as a pump. A correction t o  the  air-flow- 
r a t i o  requirements must be made for   the  ra t io  of cooling-air  temperature 
t o  engine gas temperature as described i n  reference 2. However, this 
correction will not  be  exact aud a t  high t w e r a t u r e   r a t i o s  considera3le 
error may result   as shown in reference 4. It is  believed, however, tha t  
the comparisons shown are somewhat  more pesslmistic  than would have 
been obtained i f   t he  f irst  requisite of model theory had  been  preserved, 
namely, that the models be  exact  scale models of the  ejectors used. 

The effect  of high temperature ra t ios  on performance has not yet 
been completely  defined.  For  ejectors  with  the  secondary a€r f l o w  
blocked  off, an increase i n  jet-air temperature t b  4000 F has  been 
shown t o  reduce the  ejector  thrust a small amount (reference 5). For 
much higher a i r  temperatures,  the thrust loss  would tend t o  be  =eater 
but  with  a  secondary air f l o w  there is a  cushioning effect  on the 
expansion of the  prjmary jet, which counteracts  the  flow  characteristic 
tending t o  reduce thrust. Unti l   adat ional  high-temperature  data  are 
available, it i s  necessary t o  assume that   the th rus t  performance t o  be 
expected from full-scale double-shroud  cooling-air  ejectors is reason- 
ably  well  indicated by the  results of the model ejector  investigations. 

Because of the  res t r ic t ions t o  secondary f l o w ,  the  ejector  data 
presented  herein  are  applicable on ly  t o  ejectors havFng similar con- 
f i w a t i o n s  . I f   the  secondary  pressure had been measured a t   t h e  plane 
of the  primary j e t  nozzle  exit,  the  pressure loss  due t o  the   res t r ic -  
t i ons  would have been  included i n  the  ejector performance  parameters 
and would have made the  data more general. The trends  indicated by 
the  data may be  used, however, as a  guide f o r  double-shroud-e jector 
design. 

Double-shroud-e jector  configurations  intended t o  supply separate 
tail-pipe and fuselage cooling-air system have been briefly 
investigated. Ten configurations  varylng i n  both  inner and outer  shroud 
&€meter  ratios and spacing ra t ios  were  examined over a wide range of  
operating  conditions. The data showed that a  double-shroud ejector, can 
be  designed t o  give a low weight f low through the  outer shroud if the 
outer shroud i s  so designed that  there w i l l  be on ly  a smal l  difference 
between the diameter and spacing rat ios  of the  inner md outer  shrouds. 
Also, thk addition of  an outer shroud will not  effectively  alter  the 
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thrust of anxjea tor  if the difference i n  diameter and spacing rat ios  
of the inner and outer shrouds i s  small, particularly at the . h i g h e r  

primary  pressure  ratios. 

The use of the clamshell-type  variable-area primary nozzle  appewed 
t o  have l i t t l e   e f f e c t  on performance as a.result of its nonplmar and 
noncircular exit. However, the movable-clamshell r e s t r i c t ion   t o  f l o w  
in  the  cooling-air  passage  created a large  pressure drop not accounted 
f o r  by the specification of the usual configuration  par"bers (diameter 
and spacing ratios,  and the cone angle of primary nozzle and shrouds). 
The lazge  pressure Loss i n  tm appreciably reduced the performance of 
the  ejector aa a pump. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, O h i o .  
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(b) Open nozzle 

C. 29626 

Figure 2. - Nozzles w e d  to simulate  variable-area  nozzle in ejector models. 
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:oniLguratm .Nozzle 
posit ion 

A 
B 

. Open 
Open 

C Open 
D Open 
E Open 
F 
All+ 

Open 
Closed 

BB Closed 
cc Closed 
DD Closed 
E E -  Closed 
m Closed 

- 
1.23 
1.23 
1.23 
1.23 
1.23 
1.27 
1,55 
1.55 
1.55 
1.55 
1.55 
1.6 - 

't& st& D&s 

0.73 

.042 1.05 .66 

.288 1.13 -97 

.X7 1.13 .82 
0.094 1.13 

.77 1.10 .268 

.70 1.13 .094 

.81 

.042 1.05 .62 

.288  1.13 .99 

.167 1.13 

.69 1.10 ,268 

"" ""_ "" 

"" -"" "" 

Wanfigurat ion Mi 'same as A and E3 same as B, etc., except 
prlmary varia3le-area nozzle closed. 

- 

15 

. 

Figure 3. - Ejector   notat icm and desc r ip t ion  of e j e c t o r  models. - 
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(a)  Weight-flow  ratio. 

Figure 5. - Compariecm of parfonnancd af ejector having a variable-area pr- nozzle xith 
eJector having a fired conioal nozzle and seoondary-flow paaaage blocked to provlde min- 

Inner-ahroud diameter ratio, Debp, 1.55; Innershroud epacing ratio, Ss/DDp, 0.55. 
hum secondary-flow  paseage equal to that of the variable-area nozzle flov paseage. 
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, E l  E 1.23 .61 1.39 .62 
1-23 .61 1.39  .97 o ' c  

h n  1.23 .61 1.29 .66 
' A  E 1.23 .61 ---- ---- 

a F  1.27 .42 1.39 .77 

~ e o ~ n d a r y  preesure ra t lo ,  pe/p0 
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. (a) ~ r m y  pressure r a t i o  pp/p0, 3.7. 

Figure 6 .  - Concluded.  Double-shroud e j e c t o r  pumping characteristics 
with prFmary nozzle in open posit ion.  
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Boondary preaaure  ratio, p,/pn 
" 

.9 1.0 1.1 1.2 .9 1.0 1.1 1.2 
~ e r t i s ~ y  preaeure ratio, P+,/PO 

.9 1.0 1.1 1.2 

.. . 
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Q 

.08 

0 

1.55 0.55 1.76 0.70 
1.55 .55 1.76 .81 
1.55 .55 1.76 .99 
1.55 .55 1.63 .62 

Secondary  pressure ratio, P,/po 

Tertiary pressure ratio, Pt/po 

(a) pr-y preesure ret10 pp/po, 9.4. 
L 

Figure 7. - Concluded. Double-shroud ejector pumping characteristics  wlth 
primary nozzle in closed posit ion.  
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1.05 

.95 

.85 

1.05 
(a) Primary  pressure  ratio, PP/po, 1.6. 

5 (b) Primary pressure  ratio, pQ/pOr 2.1. * 1.05 
m 
0 

B 
.95 

(0) ~ . - y  pressure ratio. ~ , / p o ,  3.7. 
1.S 

1.05 

.95 
, 9  1.0 1.1 1.2 1.3 1.4 1.5 1.6 

~ec~ndary and tertiary  pressure  ratio, p,/p0 and Pt/po 

(a) ~rimary pressure ratio, pp/p0, 9 .4 .  

Figure 9. - Ejector  thrust  characteristics  with prrFmary nozzle in 
closed position. - 
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